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In Paper I of this series the purpose of the investigation was stated, 
and the experimental methods, the general clinical observations, and 
postmortem findings were described (1).  The results of the experi- 
ment, in the form of organ weights, were presented in Paper II (2). 
In the present paper these results are discussed. 
DISCUSSION. 
It is evident that in considering the relationship between environ- 
ment and the state of the animal organism, many factors are concerned, 
the effects and relative importance of which are difficult and perhaps 
impossible to estimate accurately.  From a broad point of view, how- 
ever, the state of the organism at  any one time may be said to be 
conditioned  by  all  the  operative  forces  of  physical  environment 
together with the organism's response to their action.  While, in the 
rabbit,  variations in organ weight as well as more subtle functional 
changes, such as the body's reaction to certain disease processes, ap- 
pear to be influenced by the amount and degree of change in the hours 
of sunshine  (1),  these cannot be  the only environmental influences 
implicated.  Other characteristics of sunlight and a number of totally 
different  forces,  some  perhaps  unsuspected  as  yet,  undoubtedly 
participate in producing the alterations.  In our experiment, the influ- 
ence of light has been studied only under the following conditions: 
(1) constant illumination, (2) absence of shorter ultra-violet rays, and 
(3)  continued exclusion of light.  Although our present attention in 
this experiment is focused upon the alterations in organ weight asso- 
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dated with these particular variations of light environment, it should 
be  emphasized  that  other  factors  which  might  exercise  an  effect 
upon  the  mass  relationships of  organs will have  to  be  considered 
before the full influence of the light factor can finally be estimated. 
The evaluation of the results depends first, upon the significance to 
be attached to variations in weight of a given order with due regard for 
the occurrence of spontaneous variations of a similar order, and second, 
on the nature of the apparent effect produced.  As  has been  men- 
tioned, the experimental conditions employed involve but a few of the 
hypothetical factors  that  might affect  organ weights.  It  was not 
possible to control all these, but an effort was made to equalize the 
influence of a number of conditions so that any effect they might have 
would be  common to both  the experimental animals and  controls. 
The rabbits, of comparable breeds and age, were kept assembled for 
several weeks before the experiment in order to insure uniform periods 
of caging under the same environmental conditions.  In addition, the 
same system of feeding was employed throughout the entire period of 
observation.  Furthermore, a  regular routine with reference to  the 
time and order of postmortem examinations was followed, the experi- 
mental groups being killed on a  certain day and the controls on the 
following day.  The number of rabbits comprising each subgroup-- 
10--was selected as being small enough to insure a satisfactory post- 
mortem examination, including the accurate weighing of organs and, at 
the same time, large enough to furnish data which could be used sta- 
tistically.  Finally, the comparatively  short duration of the experiment 
tended to minimize the wide fluctuations of organ weights which occur 
in material examined over comparatively long intervals of time (3). 
An idea of the uniformity of the various groups is obtained from the 
coefficients of variation (2).  On the whole, the animal groups exposed 
to constant illumination or kept in the dark had the most uniform 
organ weights in the case of most of the organs, and next came the 
groups kept in an ordinary room (inside controls), while the rabbits 
which had recently been brought to the laboratory (outside controls) 
were relatively irregular in this respect.  In the case of most organs, 
the coefficients of variation  of the experimental  groups  are  much 
smaller than those of the 350 normal rabbits previously studied (3), 
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ences in the numbers of animals.  However, the rabbits of the experi- 
mental series were a  far more homogeneous animal stock than  the 
large normal group. 
From a  statistical point of view, the significance to be attached to 
variations of organ weight of a given order is directly dependent upon 
the magnitude of the probable errors of these values.  The probable 
errors in the case of our experiment were large and it would appear that 
little  statistical  significance  could  be  attributed  to  the  variations 
observed.  However, in an analysis of the organ weights of two groups 
of normal rabbits,  comprising 350  and 295  animals respectively, the 
probable errors of the mean weights of all the organs were extremely 
large,  yet the average or mean weights of each organ were almost 
exactly the same in both groups  (4).  Similar conditions have been 
found to obtain with several groups of 10 normal rabbits killed on the 
same days and at a  season of the  year in  which variation  in  organ 
weight  was  known  to  be  marked.  This  closeness  of  agreement 
between mean organ weights would not be expected upon the basis of 
the  magnitude  of  the  probable  errors,  as  shown  by  the  following 
examples: 
Liver  ............................. 
Actual  ........................... 
Heart .............................. 
Actual  ........................... 
Parathyroids  ........................ 
Relative  .......................... 
Suprarenals  ......................... 
Relative  ..........................  I 
Mean weight 
&m. 
A  91.6 
B  88.2 
A  5.02 
B  5.11 
A  0.00653 
B  0.00655 
A  0.164 
B  0.164 
Probable error 
gm. 
8.50 
11.33 
0.78 
0.57 
0.00125 
0.00161 
0.0376 
0.0400 
Deviation 
P.E. 
0.24 
0.0092 
0.04 
A 
These  observations  are  highly  significant  and  suggest  that  with 
material of this kind, the usual method of statistical evaluation based 
upon the ratio of the difference of mean weights to its probable error 
may not always be entirely satisfactory, although, as should be pointed 
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tions on this point can be drawn.  For the present, however, it seems 
advisable  not  to  place  too much  stress  on  the  results  of  statistical 
comparisons,  or,  in  makng  such  comparisons,  to  bear  in  mind  the 
fact  that,  on  the  basis  of  comparisons  which  have  been  made,  the 
differences found between the weights of comparable groups of normal 
animals  are  as a  rule about  1/3  to  1/2  of the difference that  might 
be expected.  If this fact is taken into consideration in analyzing the 
results the differences in weight that are found are, in many instances, 
of considerable statistical significance. 
However, if the usual basis of evaluation be followed, little statistical 
significance can be attached, in most instances, to differences in mean 
organ weight if a group to group comparison is made, but between the 
highest  and  lowest  group values  in  a  given  series  the  difference is 
frequently sufficiently large to make it of probable significance.  The 
controls resemble the two experimental series in these respects.  With 
some  organs,  the  ratios  of  the  differences  between  extreme  mean 
weights to the probable errors are larger with control than with exper- 
imental  groups  as  might  be  expected  in  view  of  the  spontaneous 
variations  in  organ  weights of normal  rabbits  and,  as will be seen, 
became  of  the  general  tendency  toward  organ  weight  uniformity 
shown by the groups exposed to constant light or to darkness.  Fur- 
thermore, the differences that are found in comparing the mean organ 
weights  of  experimental  groups  with  their  appropriate  controls  or 
with so called normal values, as well as the differences found between 
experimental groups, vary from those of little or no statistical  signifi- 
cance to those that  have some statistical significance.  In the major- 
ity  of  cases,  however,  the  results  of  the  statistical  analysis  have 
chiefly a  negative value and the decision as to the significance of the 
findings has to be made on some other basis, such  as  the  trend of a 
given curve or the direction of a  possible change in weight of an ex- 
perimental  group  of  animals  as  compared  with  controls  or  with 
another  experimental  group.  The  application  of  this  method  of 
evaluation will become apparent as the results recorded in this inves- 
tigation are discussed. 
The  present  analysis  of  organ  weights  is  primarily based upon a 
comparison with the mean organ weights from a group of 350 normal 
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animals are not constant values but constitute a moving base.  By the 
use  of  curves  which  have  been  plotted  upon  a  basis  of  percentage 
deviation from these so called mean normal values, the general trend of 
organ weight obtaining in the control rabbits during the experiment is 
easily  seen  and  the  variations  of  the  experimental  groups  are  more 
readily appreciated.  Only the  curves for relative  weights  of organs 
have  been  used  in  the  present  discussion,  except  in  the  case  of  the 
gastrointestinal mass. 
The organs have been considered in the following order:  gross and 
net body weight, the gastrointestinal mass, the heart, the kidneys, the 
liver, the brain, theglands of internal secretion, the testicles, the spleen 
and thymus, and representative lymph nodes. 
The terms, Groups I to V, used in this discussion  refer to the groups of rabbits 
killed and examined 2, 4, 6, 8, and 12 weeks from the beginning of the experiment, 
these periods being the duration of exposure to conditions of constant illumina- 
tion or of constant darkness.  There is no Group V of outside controls but a series 
of normal rabbits, designated March normals, examined 10 weeks after the be- 
ginning of the experiment, is included. 
Gross and Net Body Weights.--The curves of gross and net body weights (Text- 
figs. 1 and 2) corresponding  to the four animal series--light and dark groups,  in- 
side and outside controls--are identical in form, but the relative positions of the 
curves with respect to the mean value for the 350 normal rabbits are more accen- 
tuated in the case of the net body weights.  All the curves of both gross and net 
body weights show irregularities, but those representing the successive groups of 
rabbits exposed to constant light are fairly regular and, in general,  on an increas- 
ingly high level, well above the mean normal.  The same is generally true of the 
curves for the inside  controls.  On the other hand, the curves for the dark room 
groups begin below the base line, and while  they subsequently rise above it, their 
general level is below those  of the light  series and inside  controls.  The curves 
representing the weights of the  outside control animals are generally below the 
others.  Their low positions,  corresponding to Group IV and the March normals, 
are influenced by the fact that at this time of year the available rabbit stock con- 
sists almost entirely of comparatively young animals. 
Gastrointestinal Mass.--The curves illustrating variations in the actual weight 
of the gastrointestinal mass (including  stomach, intestine, mesentery, omentum, 
and gastrointestinal contents) show definite differences in the case of the rabbits 
in the light environment (Text-fig.  3).  The curve of the inside control groups is 
quite uniform and only slightly higher than the base line.  With the exception of 
one irregularity (Group II) the same is true of the curve of the animals exposed 
to constant darkness.  On the other hand, the curve of the light groups shows two 488  EFFECTS  OF  LIGHT  ON  NORMAL  RABBITS.  Ill 
pronounced fluctuations, and its general level, moreover, is lower than those for 
the inside controls and for the dark series, while with Groups III and IV its posi- 
tion is considerably below the mean normal.  ~Ihe curve for the outside controls is 
the highest of the four; its general direction is downward, however, to a level ap- 
proximating the mean normal.  It will subsequently be seen that, in respect to the 
trend of weight variations, the gastrointestinal mass behaves in much the same 
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The curves in these and all other text-figures show the variations in mean weight 
as percentage deviation from the mean weights of 350 normal rabbits (3).  The 
number of weeks refers, in each instance, to the time the  groups  of rabbits had 
been under conditions of constant light or of darkness, i.e.  2  weeks  =  Group I, 
3 weeks  =  Group II, etc.  The  following system of representation is used in all 
text-figures: 
Light groups --  Inside controls  ...... 
Dark groups ~  Outside controls LOUISE  PEARCE  AND  C-I~ESTER  M. VAN  ALLEN  489 
manner as the parenchymatous organs.  This is particularly noticeable in the case 
of the light room animals. 
Heart.--In the case of the heart, the curves illustrating the relative weights ob- 
tained  from the dark and light  series are,  in general,  on a  slightly lower level 
than that for the inside controls (Text-fig. 4).  In the first part of the experiment 
(Groups I, II, and III), all three curves are falling, but with Groups IV and V, 
the inside control curve rises fairly abruptly to above the mean normal, while the 
curves for both experimental groups do not rise until  Group V and then do not 
reach this level.  The curve for the outside controls is very uniform and well above 
the others. 
Kidneys.--The mean relative weights of the kidneys in rabbits under conditions 
of constant illumination progressively diminish in a remarkably uniform manner 
from a value slightly above the mean normal to one well below it.  As is shown in 
Text-fig. 5,  the curve for these groups is very regular and occupies the lowest 
position of the four.  The curves for the dark and inside control groups also show a 
progressive but less pronounced and less regular decline from initial values some- 
what above the mean normal, and there is a slight tendency for the values of the 
dark series to be larger than those of the inside controls.  The curve for the outside 
controls is generally above the others, as it was in the case of the heart. 
Liver.--The  changes in  the  relative  weights of the  liver in  association  with 
conditions  of constant  light  and  of constant  darkness  were  striking.  During 
the time of this experiment, the relative liver weights of the inside control rabbits 
were  in  fair  approximation  to  the  mean  normal  but  with  a  tendency  toward 
smaller  values  (Text-fig.  6).  The  curve for the outside  controls  shows  wider 
fluctuations, but there appeared to be a general tendency for the relative weights 
to be somewhat above the mean normal, although the value of Group III was 
considerably smaller than the others.  In the case of the rabbits living under con- 
ditions of constant darkness,  the weights of all groups were large and,  on the 
whole, considerably above the mean normal.  The curve begins at a high level and 
after one fall (Groups II) rises progressively to a point with Group V, which is 
approximately the same as that of Group I.  On the other hand, the relative liver 
weights of the animals in an environment of constant light were, with the excep- 
tion of Group I, extremely small.  In both the first light and dark groups exposed 
to these conditions for 2 weeks, the relative weights of the liver were large and 
much larger than for the inside controls.  With longer periods of exposure, how- 
ever, the general tendency of relative liver weights was toward small values for the 
light and toward large values for the dark groups, respectively. 
Brain.--In the  case of the brain,  the  curves show that  the relative weights 
of all the light and inside control groups were considerably below the mean nor- 
real, and with the exception of the first group, the same was true for the dark 
animals (Text-fig. 7).  On the other hand, the relative weights of the outside con- 490  EFFECTS  OF  LIGHT ON  NORMAL RABBITS.  III 
trols were all slightly higher than this value.  The curve of the light series is, in 
general, the lowest, and that of the dark groups the highest, of the three repre- 
senting animals caged within doors.  The dark room curve is the most irregular 
and its fluctuations are the widest, while the light room curve is slightly but deft- 
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nitely the most regular.  It is of interest to note that, on the whole, the variations 
in relative brain weight,  shown by  the light, the dark,  and  the inside control 
groups, were more marked than those manifested by the heart. LOUISE  PEARCE  AND  CHESTER  M.  VAN  ALLEN  491 
Thyroid.--The curve of relative thyroid weight for the inside control groups 
(Text-fig. 8) rises abruptly from a point which practically coincides with the mean 
normal value to a high level with Group IV, and then falls with Group V but to a 
value equal to that of Group III and higher than those of Groups I and II.  There 
was a similar tendency among rabbits recently removed from outdoor conditions, 
although in two of the five observations (Groups II and III) the relative weights 
were very small.  The curves for both light and dark groups differ in several re- 
spects from the control curves.  Both start at lower levels, considerably below 
the mean normal, and in only three observations (Light IV, Dark HI and V) do 
they reach this value.  The general direction of the curve for the dark series is 
upward, and with the single fluctuation caused by Group III, is remarkably regu- 
lar; its slope, however, is very gradual, and its final position is just above the mean 
normal.  With the exception of Group IV, the curve for the light series is the lowest 
of the four.  Its first portion (Groups I, II, and III) is far below the mean normal, 
and its rise with Groups IV and V, carries it only to this value.  Although the 
curve for the rabbits in the constant light environment is not as uniform as that of 
the groups kept in constant darkness, the magnitude of its single fluctuation  is 
much less pronounced than those of the inside and  outside control curves, which 
swing first in one direction and then in another. 
It would appear from these observations, that  at a  time when  the trend of 
average relative weights of the thyroid of rabbits caged for some weeks in an 
ordinary animal room, or recently brought into the laboratory, was toward in- 
creasingly high levels, much above the mean normal, the general effects of caging 
for 2 to 12 weeks in environments of constant light or of constant darkness were, 
first, to restrain or depress this tendency to a marked degree, and, second, toward 
a  stabilization of gland weight at a level below or approaching the mean normal 
value.  In  this  connection it is interesting to note  the  group incidence of ex- 
tremely large thyroids.  Thus, there was one such gland in outside Groups I  and 
IV and the March normals, and two in Group III and three in Group IV of the 
inside controls, while there was none in any of the light groups and only one among 
the dark room animals in Group V. 
Parathyroids.--In regard to the parathyroid glands, constant illumination was 
again associated with diminished relative weights, as is clearly brought out in the 
curves (Text-fig. 9).  During the first part of the experiment, the relative weights 
of the parathyroids of rabbits kept  under  unaltered conditions for  many  weeks 
(Inside Control Groups I, II, III, and  IV)  were  small--from 5  to  15  per cent 
smaller than the mean normal--while the value of Group V  was unusually high 
--37.5 per cent larger than the  mean  normal.  The  coefficients of variation of 
Groups IV and V were of the same order of magnitude, while that of Groups I, II, 
and  III  were  slightly  smaller  (2).  The curve for the outside controls begins 
considerably above the mean normal and ends just below it, but with the exception 
of its high  initial position, its form is like that for the inside controls, while its 
level, corresponding to Groups II, III, and IV, is also in general agreement.  The 
curve for the dark series is fairly comparable to that for the inside controls except 492  EFFECTS  OF  LIGHT  ON  NORMAL  RABBITS.  Ill 
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that the final rise corresponding to Group V is less marked.  The differences in 
direction of the two curves, from Groups I  to II and from Groups II to III may 
or may not be significant.  The curve illustrating  the light series is remarkably 
regular;  it  begins at  the same general low level as those for the inside controls 
and dark groups and then falls continuously with  Groups II, III, and  IV to a 
much lower level which is only slightly increased with Group V.  The termina- 
tions  of the  curves  (Groups V)  for the  inside and outside controls and for the 
animals in the dark room are all considerably higher than the preceding observa- 
tions (Groups IV). 
Hypophysis.--With the hypophysis, the relative organ weights for the inside 
controls were, in general, smaller than the mean normal, while those for the out- 
side controls were in fairly close approximation to it, as is shown by the curves in 
Text-fig. 10.  The curve for the dark groups begins slightly above the mean normal 
(Group I), but with subsequent observations it fails considerably below this value 
and its  general position is well  below that  for the inside  controls.  The curve 
illustrating  the relative weights of the light series contrasts sharply with  these 
curves both in respect to position and fluctuations.  It occupies the lowest posi- 
tion and is by far the most regular,  indicating again both a  depressive  and a 
stabilizing effect associated with the environment of constant light. 
Suprarenals.--Variations in weight of the suprarenal glands of rabbits exposed 
to constant light or to constant darkness were less apparent than those of many 
other organs.  In the case of recently acquired rabbits,  the relative suprarenal 
weight (Text-fig. 11) steadily diminished from a value slightly above the normal 
mean as represented by Outside Control Group I  to a  value considerably below 
it  (March normals).  The first three observations on the inside controls showed 
slight fluctuations about the mean normal, but with Groups IV and V there was a 
well marked increase in relative weight and the curve rises sharply.  Caging under 
conditions of constant darkness did not appear to have any particular effect upon 
relative suprarenal weights as compared with those of the inside controls, and except 
for a  tendency toward uniformity of weight in  the first  four observations,  the 
curve for these groups is quite similar to that  for the inside controls.  The results 
obtained from rabbits exposed to constant illumination are irregular and difficult 
of interpretation.  The first two observations are similar to those of the inside 
controls and the dark series,  but with Group III the curve rises sharply to a high 
point,  then falls as abruptly with  Group IV to the mean normal, and remains 
practically at this level with Group V.  At the time of these last two observations, 
the relative weights of the suprarenals in the inside control groups were progres- 
sively increasing.  The value of Light Group I is the lowest of the four as in the 
case of the majority of organs.  It is possible that observations made earlier than 
the 2 week period would have shown sti~l lower values and that the increasingly 
larger weights of Groups II and III represent  conditions of readjustment with a 
subsequent stabilization at a level approximating the mean normal.  On the other 
hand, one might assume, upon the basis of the very large coefficient  of variation 
(2) that the high mean value for Group III was not fairly representative of th~ 494  EFFECTS  OF  LIGHT  ON  NORMAL  RABBITS.  III 
weight of the suprarenals at this time and that if a larger number of rabbits had 
been examined the average value might have been considerably lower,  in which 
case the trend of relative suprarenal weights for the light series would have been 
toward a stabilization about the mean normal. 
Pineal.--The outstanding feature of the observations on the pineal gland was 
the consistently low and very uniform relative weights of rabbits exposed  to con- 
stant illumination.  During the  time of the experiment, the relative weights of 
•  both outside and inside controls (Text-fig. 12) were all lower than the mean normal 
and, in addition, were subject to rather wide fluctuations.  The curve for the dark 
series shows equally pronounced weight variations in its first part but a tendency 
toward greater uniformity in its latter half (Groups IV and V).  While the direc- 
tion of this curve is not always the same as that for the inside controls, there is no 
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maintained trend which could be attributed with certainty to the effect of constant 
darkness.  On the other hand, the relative weights of the pineal in the light groups 
were very small and uniformly so.  It is remarkable that with an organ like the 
pineal, in which errors incident to removal and weighing must occur, the relative 
weights should be so consistently maintained in the successive  light room groups 
that the curve is almost a straight line.  Both the depressive and stabilizing  effects 
on organ weight associated with the constant light environment of this experiment 
are well exemplified by the pineal gland. 
Testicles.--In the case  of the testicles (Text-fig.  13),  there was practically no 
difference in the relative weights of the groups kept in the dark room and the 
inside controls, but there was a slight tendency toward smaller values on the part of 
the light series. LOUISE  PEARCE  AND  CHESTER  •.  VAN  ALLEN  495 
Thymic Mass.--The  thymic  mass  apparently responded  to  the  influence  of 
constant illumination in a  manner somewhat different from the organs already 
considered.  As is seen from the curves (Text-fig. 14), the mean relative weights 
of the mass in the inside control groups progressively decreased from a high value 
of 40 per cent above the mean normal (Group I) to 26 per cent below it (Group V). 
During the same time, the observations for the four groups of outside controls were 
from 8 to 20 per cent below, while that of the March normals was 14 per cent above, 
the mean normal.  This variation of the latter group from the general low level of 
the outside controls may, in part, be accounted for by the younger age of the rab- 
bits and perhaps also by the fact that the majority of them had been in the labora- 
tory for 4 weeks.  It will be recalled that the inside control groups as well as those 
placed in the light and dark rooms had been assembled 4 to 6 weeks before the 
experiment was begun  (1).  It is possible that, other things being equal, condi- 
tions of indoor life are at first associated with a large relative weight of the thymic 
mass.  The curve of relative thymus weights for the dark series is similar to that 
of the inside controls except that it begins at a lower level and that it rises slightly 
at the end.  While such minor differences may not be of any significance, they 
suggest a  tendency toward  stabilization of relative organ  weight not  observed 
in the inside control rabbits.  In regard to the rabbits exposed to constant illum- 
ination, the first part of the curve, corresponding to the first three groups, is almost 
identical with the curve for the dark room animals.  From this point on, however, 
the curve rises abruptly with  Group IV, and continues to rise with Group V to a 
value practically identical with that of Group I, that is, 17 per cent above the 
mean normal.  At this time, the relative thymus weights of the inside controls 
were progressively diminishing and the value for Inside Group V was 26 per cent 
below the mean normal. 
In connection with these results, the question arises as to whether well marked 
differences in relative weights of the thymic mass might not be accounted for on 
the basis of variations in fat content rather than in actual thymic tissue.  How- 
ever, in the case of Groups V  of the light room rabbits and the inside controls, 
there was little difference in gross and net body weights or in the general state of 
body fat at autopsy, so that an increase in the weight of the thymic mass due to 
an accumulation of fat might be as readily assumed in one group as in the other. 
Spleen.--While the results obtained with the spleen do not indicate any striking 
weight variations which can be associated with the experimental light and dark 
conditions, the observations of the light groups suggest a  slight effect.  At the 
beginning of the experiment, the mean relative weight of the spleen was large in all 
groups (Text-fig. 15), but that of the light group was much the smallest of the four. 
From the high initial value, there was a progressive decrease in relative weights 
of the inside control groups (Nos. III, IV, and V), reaching a value slightly below 
the mean normal but with Group V  somewhat exceeding it.  The curve for the 
light series is similar in form to that of the inside controls, but its general position 
is somewhat lower and it is more regular.  With the dark groups there was a 
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for the inside controls with the exception of one pronounced upward fluctuation 
corresponding to Group III.  In the case of the outside control groups the relative 
weights of the spleen were large, but the shape of the curve suggests a tendency 
toward decreasing weights which was interrupted by the high value of Group III. 
There was a marked irregularity in the weight of the spleen in the great majority 
of the groups as shown by the magnitude of the coefficients of variation (2), and in 
this respect these observations are in general accord with the two large series of 
normal rabbits (4).  The high mean weights of Groups III of the dark and outside 
control rabbits were out of line with the prevailing tendency of decreasing weights, 
but the proportion of heavy organs in both groups indicates that their increased 
values were fairly representative although their coefficients of variation were of a 
greater magnitude than those of the preceding and succeeding groups,  In this 
connection it should be mentioned that no pathological processes were found in 
the rabbits of either group which were considered sufficient to account for the 
larger size of the spleens.  As far as Dark Group III is concerned, all that can be 
said is that it  did not share in the general tendency  toward  decreased weight 
shown by other groups of the dark series or by the light and inside control groups 
during this period. 
Lymph Nodes.--The last  organs  to be  considered  are  representative  lymph 
nodes:  the popliteal,  the posterior axillary, and the deep cervical nodes of both 
sides, and the main mesenteric mass of lymph nodes.  Since similar changes in 
relative weights occurred in the two groups of superficial nodes, it seems sufficient 
to discuss but one of them.  As will be seen in the curves of the posterior axillary 
nodes (Text-fig. 16), the relative weights of those of the inside controls decrease 
progressively from a point (Group I) close to the mean normal to one far below it 
(Group V).  The curve for the outside controls begins (Groups I and II) well below 
the mean normal but rises with Groups III, IV, and the March normals to a gen- 
eral level slightly above this value.  The curve for the dark series is very like that 
of the inside controls both in direction and position.  The relative mean weights 
of the light groups, on the other hand, are all smaller than those of the dark room 
rabbits and the inside controls except for the last group the figure for which prac- 
tically coincides with the final one for the others.  In addition, the curve for the 
rabbits exposed to constant illumination is the most regular. 
The trend of the weights of the deep cervical lymph nodes (Text-fig. 18) is in gen- 
eral conformity with that of the posterior axillary and popliteal nodes in the case of 
all four series of rabbits except for the increased values of Groups V of the inside 
controls and of the light and dark groups.  There were a number of instances in 
which enlarged nodes were associated with a purulent inflammation of the nasal 
passages or cranial sinuses and others in which such a condition may have previous- 
ly existed.  In plotting the curves for the deep cervical nodes the weights of a few 
extremely large nodes in rabbits which showed an extensive purulent exudate in 
the cranial sinuses or nasal passages have been omitted from Groups V  of the 
light, the dark, and the inside control series. 
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trated in the curves (Text-fig. 19), show that the relative weights in the case of the 
animal groups  recently brought to the laboratory were much greater than  the 
mean normal and, in addition, were quite irregular,  as the marked fluctuations 
of the curve illustrate.  On the other hand, the relative mean weights for the inside 
controls  were somewhat  smaller  than the mean normal with a  slight  tendency 
toward decreasing values; their comparative regularity is shown by the smooth- 
ness of the curve.  The curves for both experimental groups closely resemble that 
for the inside controls.  With the exception of the first dark group, both curves are 
slightly but consistently lower, but the difference is  a  minor one and little sig- 
nificance can be attached to it. 
These  results  may  be  summarized  as  follows:  With  an  environ- 
ment of constant illumination two principal effects upon organ weight 
were observed.  There was a  definite tendency toward small relative 
weights  which was  particularly  striking  in  the  case of the liver,  the 
kidneys, the gastrointestinal mass,  the thyroid, the parathyroids, the 
hypophysis, the pineal,  the  spleen,  and representative lymph nodes; 
it was  less pronounced with  the  heart,  the  brain,  and  the  testicles. 
Moreover, with  some  organs  such as  the liver,  the  thyroid, and  the 
parathyroids, this tendency could be noted when the organs of rabbits 
living under ordinary indoor conditions were large or were increasing 
in weight.  The thymus appeared to be an exception to this general 
effect of diminished organ weights, for the last two observations showed 
increasingly large values, while those of the controls continued to be 
progressively smaller. 
The second effect associated with conditions of constant illumina- 
tion may be described as a  stabilization  of organ weight in contrast 
with  the  more  pronounced irregularities  or fluctuations  observed in 
the control groups.  The curves illustrating the mean relative organ 
weights  of the groups exposed to the light environment are in most 
instances more  regular than  those of the  controls, while  the  smaller 
coefficients  of  variation  in  the  majority  of  the  light  room  organs 
indicate the comparative weight uniformity within the groups (1). 
The effects upon organ weights were less evident in the case of rab- 
bits living under conditions of light exclusion for the same periods of 2 
to 12 weeks.  A  tendency toward smaller mean weights as compared 
with the control values was observed in the case of the relative weights 
of the  heart,  the  parathyroids,  the  hypophysis,  the  pineal,  and  the 
thymus,  and  to a  considerably greater degree with  the  thyroid.  A LOUISE  PEARCE  AND  CI-IIESTER  M.  VAN  ALLEN  499 
tendency toward uniformity or stabilization of organ weight was also 
observed with some organs, especially the thyroid and the heart.  But 
the most striking feature of the results obtained in this series of ani- 
mals was  the  marked and sustained high weight values for the liver. 
Both the actual and relative weights were  very large  and  were  con- 
siderably greater  than  those  of  the  controls.  This  effect upon  the 
liver was not shared by the other parenchymatous organs,  and while 
no reason for its occurrence can be stated with certainty, it may pos- 
sibly be associated with an adjustment of metabolic activity.  Men- 
tion was made  in Paper  I  (1) that some physical deterioration in the 
rabbits kept in  constant  darkness  was suggested by the body weight 
curves and the general state of body fat of certain animals at autopsy. 
The large size of the liver in the groups of dark  room rabbits may be 
significant in this connection. 
The lymph nodes as a class showed practically no weight alterations 
in the rabbits caged under conditions of constant darkness,  and only 
slightly smaller values in the animals kept under constant illumination, 
other than those which also occurred in the control rabbits living in an 
unaltered animal room. 
The  curves illustrating  the variations in mean organ weight are of 
three  principal  types  which,  in  conjunction  with  the  experimental 
conditions and the variability of organ weight known to occur spon- 
taneously,  are  strongly  suggestive  of  a  causal  relationship  between 
the  external  factors of physical environment  and  the  mass relation- 
ships of organs.  The most common type of curve has an initial down- 
ward movement with a  final upward  swing,  as is illustrated by the 
graphs of the gastrointestinal mass, the thymus, and the parathyroids 
of the animal groups exposed to constant illumination and those of the 
heart  and  the liver of the rabbits living in  constant  darkness.  The 
shape of these curves suggests first, a primary reaction to some force 
or stimulus followed by a failure to maintain this response, and second, 
the occurrence of a reaction in an opposite direction which, it may be 
conjectured, was due either to a simple readjustment or to the opera- 
tion of a  dissimilar stimulus.  A second type of curve is characterized 
by a progressive downward trend with little or no tendency toward a 
final reversal of this movement,  as is shown by the results obtained 
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light groups and the lymph nodes of the two experimental and the 
inside control series.  It would appear that  the causative factor or 
factors responsible  for this  type of variation in  organ weight were 
operative throughout the period of observation, that these particular 
organs were capable of a  continued response in a like manner during 
this time, and that, in addition, no force capable of eliciting a response 
in  a  different direction was  effective in  changing the organ weight 
reaction.  The third type of curve resembles the first except that there 
is a  tendency for it to begin on an approximately horizontal level, as 
illustrated by the curves for the thyroid of the light and dark series 
and for the parathyroids and suprarenals of the inside controls and 
the dark groups.  The shape of these curves suggests an initial re- 
sponse to some cause which either ceased to be effective in this respect 
or was no longer operative, or else that another causative factor acting 
in the opposite direction superseded or effectively opposed the first. 
These  examples  indicate  the  complex  nature  of  the  relationship 
between physical environment on the one hand and the animal organ- 
ism on the other.  But, with due regard for other factors which may 
enter into this relationship, the general types of the curves obtained 
in this experiment are corroborative evidence of a weight reaction on 
the part of the organs of the body in response to the influence of exter- 
nal forces as represented by physical environment. 
The observations recorded in  this study bring out the significant 
fact that the variations in organ weight associated with the artificial 
environments employed all fell within the so called normal limits as 
determined by a  study of 645  stock rabbits  (4).  From the point of 
view of organic reaction, therefore, our experimental conditions must 
be considered as being within the scope of action of the physical fac- 
tors  which ordinarily  contribute  to  the  occurrence of  spontaneous 
variations of organ weight.  It is noteworthy, however, that the varia- 
tions which did occur tended to approach the extreme limits of spon- 
taneous variation and to persist there. 
An  interesting  feature  of  this  experiment was  the  character  of 
organ weights of the groups of rabbits kept in an unaltered room as 
contrasted with those recently brought to the laboratory.  In general, 
the weights of organs per kilo of body weight were somewhat smaller 
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the thymus and the lymph nodes in particular, this tendency appeared 
to  be  more  marked  with  the  longer  periods  of  the  experiment.  A 
sedentary cage life with a regular and abundant food supply might be 
expected to affect the weights of certain organs and perhaps particu- 
larly  those  more  immediately  concerned  with  metabolic  activities. 
The most pronounced weight diminution  occurred in  the  main  mass 
of  mesenteric  lymph  nodes,  but  the  superficial  lymph  nodes  also 
showed almost  as  striking  an  effect.  However, there  were definite 
fluctuations of mean weight of other organs in the inside control series, 
and  in  the  case of the  thyroid,  the parathyroids,  and  the liver,  for 
example,  pronounced  variations  were  observed.  While  there is no 
doubt that conditions of indoor life may affect organ weight of rabbits, 
other influences such as age and breed must be considered before the 
relative importance of this factor can be estimated. 1 
Little is known  either  of the weight relationships  of one organ  to 
another in normal or diseased states or of the factors that may affect 
these relationships.  It seems unwise, therefore, to carry the analysis 
of results further at the present time. 
Finally,  it  should  be  pointed  out  that  while  these  experimental 
results indicate that an environment of constant light having none of 
the shorter ultra-violet rays and one of practically constant  exclusion 
of  light  were  associated  with  and  presumably  were the  cause  of 
definite  variations  in  the  physical  state  of  certain  organs  of nor- 
mal  rabbits,  it  cannot  be  assumed  that  similar  effects,  either  of 
degree  or  even  of  kind,  would necessarily  be  obtained  even  with 
the  use  of  the  same  environments.  A  different  state  or  condition 
of organs at the initiation of experimental  procedures might  operate 
toward the production of different results, while the  effect of various 
forces during the experimental period cannot be predicted.  It is not 
1  In connection with the effect of indoor cage life upon organ weight, it is of 
interest  to note  that  the reaction  to such an experimental disease as a  trans- 
plantable  malignant  neoplasm is not necessarily the same in rabbits caged in- 
doors for comparatively long periods and in rabbits which have been in the labora- 
tory for only a few days prior to inoculation.  In an experiment carried out in 
February and March,  1925, the malignancy of the  tumor in recently acquired 
rabbits  was considerably greater  than  in those animals which had been in the 
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unlikely that as our knowledge of the diverse factors which affect the 
mass and mass relationships  of organs increases,  some will be found 
manifesting  effects comparable  with  those  observed under  the  con- 
ditions  of this  experiment,  while others will be associated  with  dis- 
similar effects.  The results of any experiment of this type, therefore, 
will depend upon all the factors involved and the extent or degree to 
which their influence upon organ weight is manifested. 
S~ARY  AND  CONCLUSIONS. 
An analysis has been made of the organ weights of normal rabbits 
exposed to a  constant illumination  having none of the shorter ultra- 
violet rays and of other rabbits kept in darkness for periods of 2 to 12 
weeks. 
The  environment  of constant illumination  was  associated  with  a 
well marked decrease in the relative weights of most  organs,  and  in 
certain instances this occurred when the organ weights of the controls 
were becoming increasingly large.  There was also an associated effect 
of stabilization of organ weight. 
The majority of the  organs  of rabbits caged in  constant darkness 
also showed a  tendency toward decreased and stabilized weights, but 
these  effects were less pronounced  than  in  the  rabbits  caged under 
conditions  of  constant  illumination.  A  notable  exception  to  this 
general  result  was  the  weight  of  the  liver  which  was  markedly 
increased. 
The results of this experiment support the conception that there is a 
relationship between light and the physical state of the animal  organ- 
ism which may be expressed in the concrete form implied by the trend 
or direction of organ weight. 
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